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The Determina t ion  of B a r i u m  i n  G-1 and W - 1  by I s o t o p e  D i l u t i o n  

. 
The wide range of r e p o r t e d  v a l u e s  f o r  barium i n  t h e  rock s t a n d a r d s  G-1 

and W-1 i n d i c a t e  t h a t  s e r i o u s  a n a l y t i c a l  d i f f i c u l t i e s  have been exper ienced  

i n  t h e  d e t e r m i n a t i o n s  of t h i s  element i n  r o c k s  and m i n e r a l s .  The range of 

r e p o r t e d  v a l u e s  i n  G-1 i s  from 900 t o  3000 ppm and i n  W - 1  from 120 t o  390 

ppm (Stevens  and o t h e r s ,  1960;  F l e i s c h e r  and S t e v e n s ,  1962; F l e i s c h e r ,  1965) ~ 

These barium abundances were determined by many d i f f e r e n t  a n a l y t i c a l  t e c h n i q u e s ,  

i n c l u d i n g  s t a n d a r d  chemical a n a l y s i s ,  emission s p e c t r o g r a p h y ,  X-ray f l u o r e s c e n c e ,  

and s p a r k  s o u r c e  mass spec t romet ry .  F l e i s c h e r  (19651,  i n  h i s  l a t e s t  rev iew 

of t h e  d a t a  on G-1 and W - 1 ,  no ted  t h e  poor q u a l i t y  of t h e  barium r e s u l t s  and 

advoca ted  t h e  development of new a n a l y t i c a l  t e c h n i q u e s  f o r  t h e  a n a l y s i s  of 

barium. 

The purpose of t h i s  n o t e  i s  t o  r e p o r t  on barium d e t e r m i n a t i o n s  o b t a i n e d  

by mass s p e c t r o m e t r i c  s t a b l e  i s o t o p e  d i l u t i o n .  This  t e c h n i q u e ,  t o  our  know- 

l e d g e ,  h a s  n o t  been a p p l i e d  p r e v i o u s l y  i n  a n a l y s i s  f o r  t h i s  e l e m e n t ,  a l t h o u g h  

it h a s  been s u c c e s s f u l l y  a p p l i e d  t o  a number of o t h e r  e lements  d u r i n g  t h e  p a s t  

t e n  t o  f i f t e e n  y e a r s ,  p a r t i c u l a r l y  i n  geochronology. A d e s c r i p t i o n  of t h e  

g e n e r a l  t e c h n i q u e  i s  given by Webster ( 1 9 6 0 ) .  

B r i e f l y ,  o u r  method of a n a l y s i s  conta ined  t h e  f o l l o w i n g  s t e p s .  A s p i k e ,  

e n r i c h e d  approximate ly  90% i n  t h e  mass 136 i s o t o p e ,  was added t o  approximate ly  

0 . 5  grams of weighed, powdered sample.  The s e n s i t i v i t y  of barium i n  t h e  

thermal  i o n i z a t i o n  mass s p e c t r o m e t e r  i s  s o  h i g h  t h a t  much l e s s  sample c o u l d  

have been used - l e s s  t h a n  one microgram of barium i s  needed f o r  an  a n a l y s i s .  
I 

I 

However, t h e  l a r g e  samples were used t o  reduce contaminat ion  e r r o r s ,  t o  

o b v i a t e  any small s c a l e  sampling e r r o r s ,  and because t h e  a n a l y s e s  were made 

i n  c o n j u n c t i o n  w i t h  r a r e - e a r t h  e lement  a n a l y s e s  ( S c h n e t z l e r  e t  a l ,  1966) -- 



f o r  which l a r g e r  samples were n e c e s s a r y  i n  t h e  d e t e r m i n a t i o n  of some of t h e  

l e s s  abundant r a r e  e a r t h s .  The samples were d i s s o l v e d  i n  HF and HC104,  and 

t h e  s o l u t i o n s  e l u t e d  w i t h  HC1 through vycor chromatographic  columns f i l l e d  

w i t h  Dowex 50W, 8% c r o s s  l i n k e d ,  200-400 mesh i o n  exchange r e s i n .  The f r a c t i o n s  

c o n t a i n i n g  barium were c o l l e c t e d ,  e v a p o r a t e d  t o  d r y n e s s ,  and p icked  up i n  a 

smal l  amount of 2N HC1 by a vycor s y r i n g e .  Each sample was t h e n  d r i e d  on t h e  

two rhenium s i d e  f i l a m e n t s  of a c o n v e n t i o n a l  t r i p l e  f i l a m e n t  s o u r c e ,  and ana lyzed  

i n  a 12",  6 0  s e c t o r ,  s u r f a c e  i o n i z a t i o n  mass s p e c t r o m e t e r .  The 134 t o  138 

mass range was scanned m a g n e t i c a l l y  and t h e  c o n c e n t r a t i o n  of barium i n  t h e  

sample was c a l c u l a t e d  from t h e  r e s u l t i n g  mass spectrum. 

0 

The c o n c e n t r a t i o n  of t h e  s p i k e  was c a l i b r a t e d  w i t h  "spec-pure" BaC03 

obta ined  from t h e  Johnson, Matthey Co. The r e s u l t  was w i t h i n  0 . 2 %  of t h e  

c o n c e n t r a t i o n  c a l c u l a t e d  from t h e  weight  of s p i k e ,  t h a t  was obta ined  a s  

Ba(N03)2, from t h e  Oak Ridge N a t i o n a l  L a b o r a t o r y .  

t h e  mass 136 i s o t o p e  i n  t h e  s p i k e ,  a s  determined by an independent  i s o t o p e  

r a t i o  a n a l y s i s ,  was w i t h i n  0.3% of t h e  per  c e n t  enr ichment  r e p o r t e d  by Oak Ridge .  

A blank a n a l y s i s ,  a s  determined by mass s p e c t r o m e t r i c  a n a l y s i s  of pure s p i k e  

which had been p u t  th rough t h e  complete  chemical  p r o c e d u r e ,  sugges ted  t h a t  

contaminat ion  was q u i t e  smal l  - approximate ly  0 . 3  micrograms. 

L i k e w i s e ,  t h e  per  c e n t  of 

R e s u l t s  of t h r e e  s e p a r a t e ,  independent  a n a l y s e s  of G-1 and two of W-1 

a r e  given i n  Table  1. The p r e c i s i o n s  shown a r e  o n l y  i n t e r n a l ,  i n  t h a t  t h e y  

a r e  t h e  s t a n d a r d  d e v i a t i o n  of t h e  mean of t h e  number of d e t e r m i n a t i o n s  ( n ) ,  

e a c h  d e t e r m i n a t i o n  b e i n g  c a l c u l a t e d  from two s c a n s .  I t  should  be noted  t h a t  

f o r  G-1 t h e  independent a n a l y s e s  d i f f e r  by more t h a n  t h e  i n t e r n a l  p r e c i s i o n  

of t h e  a n a l y s e s ;  t h i s  may be a s c r i b e d  t o  sample inhomogenei ty ,  f r a c t i o n a t i o n  

of t h e  i s o t o p e s  d u r i n g  t h e  mass s p e c t r o m e t r i c  a n a l y s i s ,  o r  v a r i a b l e  
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contaminat ion  d u r i n g  t h e  chemical p r e p a r a t i o n  of t h e  samples .  The l a t t e r  

s u g g e s t i o n  i s  u n l i k e l y  i n  view of t h e  blank d e t e r m i n a t i o n .  The a c t u a l  p r e c i s i o n  

(I 

i of t h e  i s o t o p e  d i l u t i o n  method of a n a l y s i s  f o r  barium i n  t h e  range found i n  

G-1 and W - 1  appears  t o  be 1 t o  2%. Thus, we s u g g e s t  t h e  barium c o n c e n t r a t i o n  

i s  1040 -+ 20 pprn i n  G-1 and 158 f 2 ppm i n  W-1. However, r a r e - e a r t h  a n a l y s e s  

(Haskin and Gehl ,  1963;  Towel1 e t  a l . ,  1965; S c h n e t z l e r  e t  a l . ,  1966) s u g g e s t  

t h a t  sample inhomogeneity of G-1 may be q u i t e  i m p o r t a n t ,  and t h e  v a l u e  of 1040 

ppm Ba f o r  G-1 might r e p r e s e n t  on ly  t h e  c o n c e n t r a t i o n  i n  t h e  sample a n a l y z e d .  

-- -- 

C.  C .  S c h n e t z l e r  
H. H. Thomas 
John A .  P h i l p o t t s  

1 
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Table  1 

Concent ra t ion  of Barium i n  G-1 and W - 1 ,  i n  ppm by Weight 

"Best value" 
I(l?leischer,  1965) 

G- 1 

1038 f 4 ( n  = 32) 

1028 f 3 (n = 28) 

1051 f 5 (n  = 16)  

1039 

1220 

w-1 
~ 

157.5 f 1.0 ( n  = 1 3 )  

158.6 f 0.4 (n = 24) 

158 .O 

180 
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